Introduction
Tibet has long been recognized as a locus of continental collision and accretion since the early Mesozoic (e.g., Allegre et al., 1984; Chang et al., 1986; Dewey et al., 1988) . The Cretaceous Period was an important time in the tectonic evolution of Tibet and in the development of the Tibetan plateau. During the Early Cretaceous, the Qiangtang block ( Figure 1 ) is believed to have been colliding with the Lhasa block (e.g., Murphy et al., 1997) , and in the latest Cretaceous, the Indian continental plate may have begun to make contact with the Lhasa block (Beck et al., 1995) . It has been speculated that the Lhasa block was elevated before its collision with India after the Late Cretaceous (England & Searle, 1986; Dewey et al., 1988) . Furthermore, mainly on the basis of a traverse through the central Lhasa block, Murphy et al. (1997) even suggested that the southern Tibetan plateau had attained an elevation of 3-4 km by c. 99 Ma and maintained significant topography until the onset of the Indo-Asian collision. They considered this to be a result of the collision between the Lhasa and Qiangtang blocks during the Early Cretaceous.
Previous studies have focused mainly on the petrology of the volcanics and the deformation of the sedimentary cover, and concentrated on areas near the Qinghai-Xizang and Xinjiang-Xizang highways. An alternative source of data lies in the sedimentary sequences, which possess the singular advantage that they contain a vertically stacked and relatively undeformed record of erosion and sedimentation and therefore form a vital approach to testing and refining the models of tectonic evolution (Carroll et al., 1995; Zhang, 1997; Zhang et al., 1998) .
This study attempts to reconstruct the geography of the region during the Cretaceous Period, and to provide a basis for evaluating former hypotheses or even evolving an alternative hypothesis, for the tectonic evolution of Tibet. Data on Cretaceous sedimentary strata west of 92 E were accumulated mainly during field mapping at a scale of 1:50 000 during the summers of 1993-1998 by hundreds of Chinese workers sponsored by the General Oil and Gas Corporation of China. The results of other Chinese investigations of recent years are also incorporated here. Although preliminary in nature, the data presented provide a starting point for more comprehensive future studies.
Tectonic framework of Tibet
The Tibetan plateau represents a major part of the Tethyan orogenic collage (Sengor, 1990) (Figure 1 ). The Yarlung Zangbo suture marks the boundary between the Tibetan Himalayas of the Indian continental plate to the south and the Lhasa block to the north. It is generally believed that the Lhasa block was separated from Gondwana around Triassic/Jurassic boundary times (e.g., Allegre et al., 1984; Searle et al., 1987; Dewey et al., 1988) . The Neo-Tethys formed between the Lhasa block and the Indian plate, beginning with a rift-stage during the Triassic. During the Jurassic and Cretaceous, a relatively wide passive continental margin existed along the northern rim of the Indian plate (Liu & Einsele, 1994) . However, Carboniferous calc-alkaline volcanic rocks near Lhasa (Pearce & Mei, 1988) indicate that the Neo-Tethys could have been active much earlier than is popularly favoured. During the latest Cretaceous and earliest Tertiary, the Indian plate collided with the amalgamated Eurasian plates. After the collision, northward indentation of India since about 40 Ma caused about 2000 km of crustal shortening, giving rise to the largest plateau on our planet (e.g., Allegre et al., 1984; Chang et al., 1986; Dewey et al., 1988) .
The Lhasa block is bounded to the north by the Banggonghu-Nujiang suture and the Qiangtang block ( Figure 1 ). These two narrow, elongate blocks are predominantly continental and now form parts of the Eurasian plate, but during the Palaeozoic they belonged to the Gondwanan supercontinent (Liu & Einsele, 1994) because voluminous tillites and glaciomarine faunas and Glossopteris floras of late Palaeozoic age have been reported from them (CIGMR & SCGR, 1992; Zhang, 1998) . The Tethys branch between the Lhasa and Qiangtang blocks was open by about the Late Triassic (Allegre et al., 1984; Dewey et al., 1988) and closed along the BanggonghuNujiang suture during the Late Jurassic (Girardeau et al., 1984; Chang et al., 1986) . However, the subduction polarity data are ambiguous (Allegre et al., 1984; Dewey et al., 1988; Yu & Wang, 1990) .
The Kunlun suture separates the Tarim and Qaidam blocks from others to the south. These two continental blocks are, in turn, divided by the Altyan fault zone. The Tethys branch represented by the Figure 1 . Sketch tectonic map of eastern Asia, revised after Sengor (1990) and Zhang (1997, in press Kunlun suture is believed to have closed during the Late Triassic (Chang et al., 1986; Dewey et al., 1988; Liu et al., 1990) . The Songpan-Ganzi terrane is bounded to the east by the Longmenshan fault zone and the South China block (Figure 1 ). Recent studies show that the Songpan-Ganzi terrain is underlain by Precambrian continental basement, and that the huge quantity of Triassic flysch on the terrain has been explained as allochthonous tectonic flakes (for details see Zhang, in press).
Distribution of marine Cretaceous deposits
Tables 1-3 briefly summarize the Cretaceous stratigraphy and distribution of rocks of this system in Tibet north of the Yarlung Zangbo suture and adjacent areas. Berriasian-Lower Barremian marine sequences only cover the southern half of the Qiangtang block and the middle of the Lhasa block. In these areas, the succession is composed mainly of coarse-to fine-grained clastic rocks that reflect deposition in a littoral environment (Figures 2, 5, Table 1 ; Wang, 1983; Wu, 1985; CIGMR & SCGR, 1992; XZBGM, 1993) . In contrast, Upper Barremian-Albian marine sequences cover the southernmost rim of the Tarim block, the southern half and the southern rim of the western half of the Qiangtang block, and the entire Lhasa block (Figure 3 , Table 2 ). Over most of these areas, the Upper Barremian-Albian consists mainly of coarse clastic rocks reflecting a littoral environment. However, on the southernmost rim of the western Qiangtang block and the northern half of the Lhasa block, the succession is composed mainly of monotonous carbonate sediments, up to 5-6 km thick, that possibly represent deposition in an inner shelf environment (Figures 3, 5, Table 2 ). In the Sichuan Basin of the western South China block just east of the Longmenshan Mountains, the Lower Cretaceous is mainly composed of continental clastic rocks that coarsen westwards (Li, 1987) .
Marine Upper Cretaceous is spread over nearly every tectonic unit of Tibet and its adjacent areas ( Figure 4 , Table 3 ). Marine sediments cover the Tarim block (Tang et al., 1992; Guo, 1995) , the southern half (YNBGM et al., 1986; CIGMR & SCGR, 1992) and westernmost rim (Guo et al., 1991; XZBGM, 1993) of the Qiangtang block, and majority of the Lhasa block (XZBGM, 1993; Figure 4 , Table 3 ). In the Tarim Basin and on the southern half of the Qiangtang block, the Upper Cretaceous is characterized by fine-grained sediments, mostly finer than those of the Lower Cretaceous. However, in general, up to 4 km of coarse-grained clastic rocks characterize the marine Upper Cretaceous of the Lhasa block and the westernmost rim of the Qiangtang block, reflecting deposition in a littoral environment. In the Sichuan Basin, the marine intercalation has been found to cover an area of more than 25 000 km 2 , though continental fine-grained clastic rocks still dominate (Li, 1987) . On the southern rim of the Qaidam block, an Upper Cretaceous marine sequence, coarsening upwards from limestones to conglomerates, has been found to cover an area of more than 120 km 2 (Zhu et al., 1985) . This succession is up to 1120 m thick (Liu et al., 1992) . Figure 4 and Table 3 show the locations of marine Upper Cretaceous deposits in Tibet and adjacent areas.
Lithofacies and palaeogeographic reconstruction
According to present knowledge, it is possible to delineate roughly the extent of Cretaceous lithofacies and to reconstruct the palaeogeography of Tibet and the adjacent areas, as shown in Figures 2-4 . During the Albian, marine sedimentation began on the Zhu et al. (1985) ; C, Liu et al. (1992) ; D, XBGMR (1993); E, Guo et al. (1991); F, YNBGM et al. (1986) ; G, XGS (1986); H, Han et al. (1983) ; I, Lin et al. (1989) ; J, Liang & Xia (1983) ; K, Wang (1983) ; L, Gou (1985) ; N, HNGR (1993); O, Li (1985) ; P, Li (1987) .
southern rim of the Tarim block (Table 2 ; Guo, 1995) . However, the limited extent of the littoral sediments preserved there suggests that initially the transgression was weak, but that it strengthened in the Late Cretaceous ( Figure 5 ) and continued into the late Tertiary (Tang et al., 1992; Guo, 1995) , covering the Tarim block and also involving the southern rim of the Qaidam block. The fine-grained sediments on the Tarim block accumulated in a littoral, partially neritic, environment during the Late Cretaceous (Figures 4, 5) . Through the entire Cretaceous Period, the sedimentary facies and palaeogeography of the Qiangtang block changed continually. Most of the western half became dry land whereas the southern half continued to be an area of marine sedimentation (Figures 2, 5 ; Table 1 ). On the southernmost rim of the western half, Upper Barremian-Albian sediments accumulated predominantly in a neritic-subtidal environment, but the Upper Barremian-Upper Cretaceous succession of the southern half of western Qiangtang was deposited in a littoral environment (Zhu & Pan, 1987; Lin et al., 1989; Guo et al., 1991) . The Cretaceous rocks of southern half of the Qiangtang block reflect a littoral-neritic environment of deposition but there were apparently more transgressive overlaps during the Late Cretaceous than in the first half of the period ( Figure 5 ). The landmass in the western half of the Qiangtang block would have been least extensive during the Late Barremian-Albian (Figure 3) . Sediment deposition on the middle of the Lhasa block during the Berriasian-Early Barremian was mainly dominated by a littoral environment (Figures 2, 5; Wu, 1985) . However, during the Late BarremianAlbian, deposition on the northern half of the block west of 91 E took place mainly on a carbonate platform (Figure 3 ). In the Late Cretaceous, the entire block was again within a littoral environment (Figure 4) .
In the western Sichuan Basin of the South China block, coarse-grained Lower Cretaceous sediments accumulated in a continental setting whereas deposition during the Late Cretaceous was often in the littoral marine realm (Figure 4 ; Li, 1987) . The Longmenshan Mountains could, therefore, have been uplifted in the Early Cretaceous but eroded through the Late Cretaceous. In the Songpan-Ganzi terrain, many typical tropical floras, including eucalyptus and palms, have been found in Eocene sediments in the Candu (97 10 E, 31 10 N) and Litang (100 10 E, 29 55 N) areas (e.g., Liu et al., 1990) . In addition, in the southern part of the terrain, marine Paleogene sediments cover an area of at least 1000 km 2 . These two facts indicate that this region was not more than 1000 m high during the Eocene and could not, therefore, have been higher during the Late Cretaceous.
Tectonic implications

Late Barremian-Albian back-arc extension in southern Tibet
In general, it is believed that the ocean represented by the present Banggonghu-Nujiang suture was closed during the Late Jurassic (Allegre et al., 1984; Girardeau et al., 1984; Wang & Sun, 1985; Chang et al., 1986; Dewey et al., 1988) . The BerriasianLower Barremian coarse littoral clastics in the northern part of the Lhasa block (Figure 2 , Table 1 ) represent a molasse association deposited in a compressional regime and indicate that the collision between the Qiangtang and Lhasa blocks could have extended into the Berriasian-Early Barremian.
However, the Upper Barremian-Albian pure innershelf limestones, which are up to 5 km thick (e.g., XZBGM, 1993) and stretch from the southernmost rim of the western half of the Qiangtang block to the northern half of the Lhasa block, covered a larger area (compare Figures 2 and 3) . Furthermore, the entire Lhasa block as well as the western half of the Qiangtang block, was apparently under the influence of a marine transgression, unlike most of the rest of Tibet (e.g., Tarim block, southern half of the Qiangtang block), where there was a marine regression ( Figure 5 ). This indicates that the widespread Upper Barremian-Albian limestone in southern Tibet was not a product of eustatic transgression but of tectonic subsidence or extension deformation during the late Early Cretaceous. The latter could have resulted from the back-arc collapse of the Gangdese arc in the southern part of the Lhasa block. The Cenomanian foraminiferan Orbitolina concava has been found at the top of the pure limestone in several locations in the northern half of the Lhasa block (e.g., Yin et al., 1988; Yu & Wang, 1990) ; hence the extension, approximately commencing in the Late Barremian, could have extended into the Early Cenomanian, thus possibly lasting at least 20 m.y.
Southern Tibetan plateau not uplifted in Late Cretaceous
The timing of the uplift of the Tibetan plateau keeps open a question that is of key importance to the models for its development. Various schools of geologists have argued for markedly contrasting timing of the uplift: (1) not uplifted until the onset of the Quaternary, mainly suggested by palaeoclimatic studies (e.g., Xu, 1981; Pan et al., 1990) ; (2) the Lhasa block elevated before its collision with India after the Late Cretaceous, based on deformation studies (England & Searle, 1986) ; and (3) the southern Tibetan plateau elevated 3-4 km by c. 99 Ma and maintained until the onset of the Indo-Asian collision (Murphy et al., 1997) .
This study of the Cretaceous palaeogeography provides a significant constraint and test on previous conclusions, at least on whether southern Tibet had been elevated (3-4 km) prior to the Indo-Asian collision, because the Upper Cretaceous sediments of the region should have been predominantly continental if this were so. Our investigations as well as those of many Chinese colleagues in this region (e.g., Han et al., 1983; Liang & Xia, 1983; Wang, 1983; Gou, 1985; Li, 1985; Pan, 1985; Zhu et al., 1985; XGS, 1986; Wan, 1987; Lin et al., 1989; Pan et al., 1990; Guo et al., 1991; Li & Wu, 1991; Liu et al., 1992; HNGR, 1993; XBGMR, 1993) show that over most of Tibet, shallow marine sedimentation continued into the Late Cretaceous (Pan et al., 1990; Liu et al., 1992; Figure 4 ). This sedimentation is indicated by various rock types including reef limestones and radiolarian chert, and its timing is well constrained by abundant fossils and radiometric dating of the interbedded volcanics (Table 3 ). In addition, the backarc extension in southern Tibet during the late Early Cretaceous (possibly also involving the earliest Late Cretaceous), as discussed above, is in agreement with this conclusion. The collision between the Qiangtang and Lhasa terrains could have ceased during the Early Barremian, in which case there was no mechanism to create (and there is no palaeogeographic and facies evidence for) southern Tibet being at an elevation of 3-4 km by the end of the Early Cretaceous, contrary to the suggestion of Murphy et al. (1997) . Instead, Tibet could have been a rather low and extensive peneplain, close to sea level, during the Late Cretaceous, intensive elevation having begun only after the end of the Cretaceous Period. In fact, in the (1) Tarim Basin (Tang et al., 1992; Guo, 1995) , (2) southern (YNBGM et al., 1986) and westernmost (Guo et al., 1991; XZBGM, 1993 ) Qiangtang block; (3) southernmost SongpanGanzi block ; and (4) northwestern and southern rims (Wan, 1987; Pan et al., 1990) , and even the centre (Lin et al., 1989) of the Lhasa block, marine sedimentation did not cease until the end of the Eocene (Pan et al., 1990; Zhang et al., 1998) . It is suggested, therefore, that the high topography of the Tibetan plateau can only be the product of the Indo-Asian collision.
